Introduction
Mathematical models used in this work are based on the solution of the two-dimensional transonic inviscid and viscous compressible flow. In a case of inviscid flow system of Euler equations is equipped. In a case of viscous flow, the simulation is based on the solution of the system of RANS equations. The system is completed by the algebraic Baldwin-Lomax model of turbulence, Wilcox k-Ȧ model and the SST k-Ȧ model.
Computational domain represents GAMM channel with 10% DCA profile and blade cascade with 8% DCA profile. The results show differences between the uses of each numerical model and experimental results.
Governing equations
The two-dimensional viscous turbulent compressible flow is prescribed by the system of RANS in the following conservation form 
This system is closed by following equation
In the equations above ȡ denotes density, (u,v) are components of local velocity in x and y direction respectively, e denotes total energy per unit volume, p is pressure given by previous equation of state, Ĳ ij is shear stress, q i represents heat flux and ȝ represents dynamical viscosity. Following constants were used in previous equations: ț is isentropic exponent equaled to 1.4, Pr is Prandtl number equaled to the constant value 0.7. Inviscid flow represented by the system of Euler equations is reached after neglecting of viscosity in the viscous fluxes on the right hand side in the system (1).
Turbulence modeling
Viscous compressible turbulent flow represents the system of Reynolds averaged Navier-Stokes equations (RANS) which is formally the same as (1) with the model of turbulence enclosed for the new variable of the turbulent viscosity. The equations from (7) and (8) 
where ȝ t represents turbulent viscosity and Pr t is turbulent Prandtl number which is the constant value 0.9.
Baldwin-Lomax model
Baldwin-Lomax model [1] is the modification of basic Cebeci and Smith [2] algebraic turbulent model. The boundary layer is divided into two regions, inner region (close to the wall) and outer region. Turbulent viscosity in the inner part is given by
where vorticity is in 2D case defined as 
van Driest function given as follow
and friction velocity by formula
Turbulent viscosity in outer region is given by
Function 
and y max is the distance from the wall in which F(y max ) = F max holds and
In Baldwin-Lomax turbulent model following constants are used: ț = 0.4, A = 26, Į = 0.0168, C cp = 1.6, C KL = 0.3 and C wk = 0.3.
Wilcox k-Ȧ model (2006)
The two-equation model is given by transport equations for two characteristic scales of turbulent motion, in this case turbulent energy k and specific dissipation rate Ȧ. Generally, the turbulent viscosity is defined as follow
The Wilcox k-Ȧ model [3] , [4] is given by the equations 
and turbulent viscosity as given by
where
The constants are: Ȗ = 13/25, ȕ 0 = 0.0708, ȕ * = 9/100, ı * = 3/5, ı = 1/2 and C lim = 7/8. The auxiliary functions are: 
where ij is given by (35) and functions F 1 and F 2 are defined as follow (44) Constant of k-İ model are: ȕ 2 = 0.0828, ı 2 = 0.85 and
General constants for both are: ȕ * = 0.09, ı * = 0.85, ț = 0.41 and a 1 = 0.31.
Numerical method

Numerical scheme
A Finite volume method was applied on the cell centered non-orthogonal structured grid with quadrilateral cells. For the numerical solutions Lax-Wendroff scheme in McCormack modification [6] was used with predictor step n j i,
and corrector step as follow
The Jameson's artificial dissipation model was applied to damp the oscillations. 
(51)
Boundary conditions
Inlet boundary conditions were realized for as follow: inlet velocity Ma together with angle of attack Į, density ȡ and total energy per volume e were set; pressure p was extrapolated from the flow field for the inlet Mach number Ma < 1, for the inlet Mach number Ma 1 pressure p was set.
Outlet boundary conditions were done as follow: in a case of Mach number Ma < 1 outlet pressure was set and other variables were extrapolated from the flow field; in a case of Mach number Ma 1 all the variables were extrapolated from the flow field.
Solid wall condition was realized by the adding of virtual cells. In a case of inviscid flow velocity components were prescribed so that sum of velocity vectors equals zero in its tangential component. In a case of viscous flow, no-slip condition for the velocity was prescribed so that sum of velocity vectors equals zero on the wall.
Following parameters were chosen for the setting of turbulence models at the wall 0 
and for the inlet flow
where the intensity of turbulence was prescribed as Int T =0.05, constant C μ =0.09 and dimension L is a length of the used geometry.
and in a case of viscous model to eliminate the influence on the physical character. First six figures correspond with the results of the calculations of transonic inviscid and viscous turbulent flow in the GAMM channel. This configuration was set as a reference for the testing of the behavior of both models. The calculation of the inviscid flow shows good result, the maximal value of Mach number Ma max = 1.326 is in comply with the expectation. Mach number along the profile is shown and have a good correlation with the result presented by Fürst [7] . The results of the viscous flow calculations have the good agreement to the each other, k-Ȧ models shows the shock wave slightly higher than the algebraic model, maximal value of Mach number is around Ma max = 1.166 for the k-Ȧ models. The next set of figures shows the comparison between the used inviscid and viscous turbulent flow models and with experimental data of the measurements of the transonic flow through DCA cascade done by Institute of Thermomechanics AS CR in Prague and published in [8] . In this work there are shown the numerical results for the three different test cases and the comparison with the experimental data.
The inlet Mach number in the calculations was set slightly higher compare to the experiment. By the small change of the stream flow angle in the interval from -3° to 3° the proper shape of the shock wave can be reached. These facts were considered in all calculations.
Figures 7 and 8 are corresponding with the experimental data shown on the figure 9. In a case of both numerical calculations the sonic line is visible on the upper profile and also on the lower profile although the sonic line in the experiment is only on the upper profile. 
Conclusion
The developed software was successfully tested for the calculations of inviscid and viscous turbulent flow in the GAMM channel and in the DCA blade cascade with the small region of the separation. The possibilities of different numerical approaches were described. The good correlation with the experimental data was shown. Achieved results are comparable with the other authors, e.g. [9] , [10] .
